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WBTTABIiE SILICONE HYDROGEIi COMP OSITIONS 
AND METHODS FOR THEIR HANUWlCTTOE 

* BACKGROUND OF THE INVENTION 

This application is a continuation-in-part 
application of copending application Ser. No. 07/788,013 
filed November 5, 1991. 

Field of fo g Invention 

The present invention relates to improved wettable 
polymeric hydrogel compositions useful for the 
production of biomedical devices, especially contact 
lenses. 



Background 

Hydrogels have been a desirable class of materi.il 
for the preparation of biomedical devices, and have iaeen 
known since at least Wichterle, et al U,S- Patent No. 
3,220,960 Which disclosed hydrogels comprising a 
hydrated polymer of a hydroxyalkyl acrylate or 
methacrylate crossl inked with a corresponding diester 
(poly 2 -hydroxy ethy 1 methacrylate, known as poly-HEMfc.) . 

A hydrogel is a hydrated crosslinked polymeric 
system that contains water in an equilibrium state. The 
physical properties of hydrogels can vary widely anc are 
mostly determined by their water content* Since 
hydrogels exhibit excellent biocompatibility, there has 
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been pensive interest in the use of hydrocele for 
biomedical devices, especially contact lenses. 

m the field of contact lenses, various factors 
ttust combine to yield a material that has appropriate 
characteristic*, oxygen permeability, wettability, 
material strength and stability are but a few of the 
factors which must be carefully balanced to achieve a 
useable end-result contact lens, since the cornea 
receives its oxygen supply exclusively from contact with 
^e adhere, good oxygen permeability is a critical 
characteristic for any contact lens material. 

Tt was discovered that certain cross linked 
polymeric materials could be hydrated and retain their 
TOt er content. It was further found that the higher the 
water content within contact lenses made from these 
crossliitted hydrogel polymers, the greater was the 
oxygen permeability through the lens to the cornea. 

High water-containing bydrogels have at times 
exhibited undesirable mechanical properties. Por 
e^le, such hydrocele . are often not easily formed into 
bydrolytically stable lenses. Further such materials 
have at times exhibited tearing or other breakage as a 
result of poor tensile strength. What was needed was a 
highly oxygen permeable material that was durable an* 
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highly wettable. Wettability is important in that, if 
the lens is not sufficiently wettable, it does not 

* remain lubricated and therefore cannot be worn 
comfortably in the eye. The optimum contact lens would 
have not only excellent oxygen permeability, but also 
excellent tear fluid wettability. 

Silicone-containing materials were tried as viable 
contact lens materials and displayed very good oxygen 
permeability and durability- However, most silicone- 
containing materials are largely hydrophobic and 
therefore not sufficiently wettable. Further, it is 
believed that such hydrophobicity causes enhanced 
deposit problems, which may also result in discomfort 
when wearing contact lenses made from certain silicone- 
containing polymers. 

Therefore, an optimal hydrogel material for 
biomedical devices, such as contact lenses, would have 
ideal rigidity, high oxygen permeability and a high 
degree of wettability. 

* ftttMMARY OP THE IMVBHTIOH 

In accordance with this invention, the surface 
wettability of hydrogels, such as silicone-containing 
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hydrogels, and more specifically polyurethane-silicone 
Hydrogen and ethylenically terminated polysiloxane 
hydrogen such as (poly) org^mosiloxane hydrogels, are 
significantly enhanced by incorporating both at least 
one vinyl-containing bydrophilic monomer and at least 
one aorylic-containing bydrophilic monomer into the 
monomer mix along with the silicone-containing monomer 
or prepolymer. 

Farther, in accordance with the present invention, 
a method for making a vettable silicone-containing 
hyarogel composition is disclosed comprising the steps 
of a) combining at least one vinyl-containing monomer, 
at least one acrylic-containing monomer and at least on* 
sUicone-containing monomer or prepolymer into a monomer 
mix and b) curing the monomer mix resulting from step a) 
to form a silicone-containing bydrogel composition- 

It is believed that tne combined vinyl-containing 
and acrylic-containing monomers act as vetting agents, 
and interact with the predominantly hydrophobic 
silicone-containing monomers and prepolymers in the 
m onomer mix to produce highly vettable hydrogels with 
ideal rigidity. Such resultant hydrogels are especially 
well-suited for use as contact lens materials. 
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;m»tct J SSSBXSS2S & op ' mB DRAWINGS 

Figures 1 and 2 depict the effect on Modulus of 
polyurethane films as the composition ratio of MVP to 
DMA is changed. 

Figure 3 depicts the effect on modulus of 
methacrylate-capped polysiloxane films as the 
composition ratio of NVP to DMA is changed. 

DETAILED DESCRIPTION OF THE ravBOTlON 

The present invention relates to improved 
wettability of hydrogels, especially silicone-containiJig 
hydrogels with ideal rigidity suitable for biomedical, 
applications such as contact lenses. 

The silicone-containing hydrogels of the preseni: 
invention display improved wettability as a result o:f 
the combined presence in the monomer mix of at least one 
acrylic-containing monomer and at least one vinyl- 
containing mononer. 

Silicone hydrogels (i.e., hydrogels containing 
silicone) are usually prepared by polymerizing a mixture 
containing at least one silicons-containing monomer and 
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at least one hydrophmc monomer. Either the silicone- 
containing monomer or the hydrophilic monomer may 
function as a erosslinking agent (a crosslinks being 
defined as a monomer having multiple polymerisable 
fuotionalities) or a separate crosslinks may he 
employed. 

The term "vinyl-containing" is meant to refer to 
non-acrylic monomers having the vinyl grouping (CH 2 =CH-) 
which are generally highly reactive. Such vinyl groups 
are known to polymerize relatively easily. "Acrylic- 
containing" monomers are those compound* containing the 
acrylic grouping (CH 2 =CRCOX) which are also generally 
reactive. 

The vinyl-containing monomers used in the present 
invention include hydrophilic monomers such as N-viny] 
pyrrolidone, N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl 
acetamide, N-vinyl-Methyl formanide, N-vinyl 
formamide, with N-vinyl pyrrolidone (HVP) being the most 

preferred. 

The acrylic-containing monomers used in the preset 
invention include Hydrophilic monomers such as 2- 
hydroxyethyl methacrylate, glycerol methacrylate, 2- 
hydroxyethyl methararylamide, K.N-dimethyl 
(meth)acrylamide, diacetone acrylamide, methaorylic acid 
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and acrylic acid with N, N-dimethylacrylamide (DMA) b3ing 
•the most preferred. 

when both vinyl- and acrylic-containing monomers 
are present within one monomer mixture, it is preferable 
to add a crosslinking composition containing at least 
one vinyl-containing polymerizable group and at least 
one acrylic- or styrene-eontaining polymerizable group 
disclosed in copending and commonly assigned U.S. 
Application No. 07/788 r 07i filed November 5, 1991 ar.ci 
having the following general schematic 
representation (I) * 



(I) 



wherein: 



i 



V denotes R3' 

R 2 . X-C-Y- 



A* denotes R5/ 1*6' 

C=C 



S denotes Rs; *9< 

oc, 

*10' 
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is an aOJcyl radical derived from 
substituted and unsubstituted 
hydrocarbons, polyalkylene oxide, 
poly(perfluoro) alkylene oxide, 
dialXyl-capped polydimethylsiloxan**,. 
dialkyl-capped polydimethylsiloxaw* 
modified with fluoroalkyl or 
fluoroetner groups; 
R 2 i-ft 10 ' are independently H, or alieyl of 1 

to 5 carbon atoms; 
Q is an organic group containing 

aromatic moieties having 6 to 30 
carbon atoms} 
X, Y, and Z are independently O, HH or Si 
v , is 1, or higher; and 

independently are greater thar. 
or equal to 0, and a' + s' > 1- 



*he addition of crosslinJcing agents of Formula I 
assists in the ccpolymerization of the vinyl-and 
acrylic-containing monomers with each other as well a*= 
with other monomers and prepolymers present in the 
monomer mix, such as the relatively non-polar ring- 
containing oxaaolone compounds of the general 
formula (XX) : 
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*12 



(ID 




Bll *13 *14 

where 

R 1X and R 12 independently denote H or CH 3 ; and 
R l3 and Ri4 independently denote methyl or 
cyclohexyl radicals. 

These ring-containing monomers which may be 
incorporated into the silicone-containing hydrogels of 
the present invention specifically include 2- 
isopropenyl-4,4-dimethyl-2-oxazolin-5-one (IPDMO) , 2- 
vinyl-4 # 4-dimethyl-2-axazolin-5-one (VDMO) , cycloheaane 
spiro-4 ' - (2 ' isopropenyl-2 ' -oxazol-5 ' -one) (IPCO) , 
cyclohexane-spiro-4 ' - ( 2 ' -viny 1-2 ' oxazol-5 ' -one) ( VCC ) , 
and 2-(-l-propenyl)-4 # 4-dimethyl-oxazol*5-one (PDMO) . 
The preferred oxazolones are prepared by known reaction 
sequences set forth in commonly assigned U.S. Patent. No* 
4,810 f 764. *he amount of crosslinker used is about o.oi 
to about 5% of the vinyl -containing monomer weight 
present in a useful formulation. 

We have observed that silicone-containing hydrogels 
containing NVP as a wetting agent have a much higher 
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nodulus as compared with silicone hydrogels that 
incorporate acrylic-H=ontaining monomers, such as 
glycerol aethacrylate and, N,N-dimethylacrylamide (DMAj . 
We observed, and this invention contemplates, that the 
incorporation of a vinyl-containing hydrophilic monomer 
with an acrylic-containing hydrophilic monomer as 
wetting agents into silicone-ccmtaining formulations 
results in hydrogels suitable for biomedical 
applications, especially contact lenses. 

Any Known silicone-containing prepolymer may be 
nsed to form the silicone hydrogels of tbis invention, 
as will be apparent to one skilled in the art. The 
monomers added to the monomeric mixture may be monomers 
or prepolymers. A -prepolymer" is a reaction 
intermediate polymer of medium molecular weight havinc, 
polymeirizable croups. Thee it is understood that the 
terms "silicone-containing monomers" and "hydrophilic 
monomers" include prepolymers. Examples of such monomers 
nay be found in united States Patent Nos. 4,136,250? 
4,153,641; 4,740,533; 5,034,461; and 5,070,215. 

Partner, notations such as » (meth) acrylate or 
"(meth)acrylamide are used herein to denote optional 
methyl sunstitution. Thus, for example, methyl 
(meth)acxylate includes both methyl acrylate and methyl 
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joethacrylate and N-alkyl (meth) acrylamide includes both, 
N-alkyl acrylamide and N-alkyl methacrylamide. 

one preferred class of suitable silicons-containing 
monomers are bulky polysiloxanylalkyl (meth) acrylic 
monomers represented by the formula (III) : 

R 1 

R^Si-B 3 - 

R of 
(ill) ^-c-x-cc^f-si-o-si-R 1 

O O R 1 

K 1 -Si-R 1 

wherein: 

X is o or NR; 

each R is independently hydrogen or methyl; and 
each F 1 is independently a lower alkyl or pheny:. 

group; and 

f is 1 or 3 to 10. 

Such bulky monomers include metbacryloxypropyl 

tris (trimethyls.iloxy) silane, 
pentamethyldisiloxanylmethylmethacrylate , 
tris (trimethylsiloxy)metnacrylojcy propylsilane, 
phenyltetramethyldisiloxanylethyl acetate, and 
methyldi (trimethylsilojey) methacryloxymethyl silane . 
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A further preferred class of silicone-containing 
monomers are the poly(organosiloxane) prepolymers 

represented by the formula (IV) : 

r3 r5 R 3 
(IV) A-CR 7 )-Si-[0-Si] n -O-Si-(R 7 )-A 

R 6 R 4 

wlierein: 

A is an activated unsaturated group, such as an 
ester or amide of an acrylic or a methacrylic acid? 

each R 3 -R 6 is independently selected from the group 
consisting of a monovalent hydrocarbon radical or a 
halogen substituted monovalent hydrocarbon radical 
having 1 to 18 carbon atoms which may have ether 
linkages between carbon atoms t 

r 7 is a divalent hydrocarbon radical having from 

to 22 carbon atoms; 
and 

n is o or an integer greater than or equal to 1. 

A further preferred class of silicone-containing 
monomers are the monomers having the following schematic 

representations : 

(V) g(*D*A w *D*S) a *D*& B *D*B'J or 

(VI) E(*D*G*D*A* t ) a *I > * 0 * D * E * * 

where 
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D denotes an alkyl diradical, an alkyl cycloalkyl 
diradical, a cycloalkyl diradical, an aryl diradical or 
an alkylaryl diradical having 6 to 30 carbon atoms? 

G denotes an alkyl diradical, a cycloalkyl 
diradical, an alkyl cycloalkyl diradical, an aryl 
diradical or an alkylaryl diradical having 1 to 40 
carbon atoms and which may contain ether, thio or amime 
linkages in the main chain; 

* denotes a ur ethane or ureido linkage; 

a is at least 1; 

A" denotes a divalent polymeric radical of formula 
(VII) : 



(VTI) 



-<CH 2 )m- 



i 

-Si-O 
's' 

R s Jp 



R s 
I 

-Si- 



'(CH2)m- 



wherein: R s and R s ' independently denote an alkyl 
or fluoro-substituted alkyl group having 1 to 10 carbon 
atoms which may contain ether linkages between carbon 
atoms; 

m is at least 1; and 

p provides a moiety weight of 400 to 10,000; 
B and £' independently denote a polymerizable 
unsaturated organic radical represented by 
formula (vril) ; 
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(VIII) R 13 -CH*C-(CH 2 ) W -(X) X -(Z) z -C*r)y"B. lj| - 

wherein? R 14 denotes a divalent aUcylene radical 
having X to 10 carbon atoms; 

r 12 denotes H or CH 3 ; 

R X3 denotes H f a (C^C*) alfcyX radical or a 
-CO-Y-* 15 group wherein x is -0-, -S- or -NH- and R 15 is 
a alKyl radical having l to 12 carbon atoms,- 

X is -co- or -OCO-; 

z is -O- or -SH-f 

&r denotes an aromatic radical having 6 to 3D 

carbon atoms? 

w is 0 to 6; 
x is 0 or Is 
y is 0 or 1; and 
z is 0 or- 1. 
A preferred urethane monomer is represented by 

formula (XX) : 
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H 2 C-C 



CH 3 

■ H H H H 

OCN-R l6 -NCOCH 2 CH20CH2CH20CK-R ie -NCO (CH 2 > jn 

II U I' II 

0 O O O 



COOCB 2 CH 2 



(IX) 




CH3 

qOOCH 2 CH 2 OCN-R 16 -HCOCH2CH20CH2CH 2 OCN-R 16 -NCO 



wherein t 

R 16 is a diradical of a diisocyanate after removal 
of the isocyanate group, and is most preferably the 
diradical of isophorone diisocyanate, and m, p and a are 
the same as previously defined- Preferably, the sum of 
» and a is 3 or 4, and more preferably, a is 1 and m is 
3 or 4. preferably, p is at least 30. 

The wettable silicone-containing hydrogels of tne 
present invention, when used in contact lens 
applications, can produce a wide variety of types of 
hydrogel contact lenses. As is understood in the field, 
in general, hydrogel contact lenses should have oxycien 
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permeabilities with DK values greater than about 20 x 
10 -11 x cn/sec x om 2 x mmHg (or 20 DK units) and 
preferably greater than about 60 DK. They should have a 
Young's modulus of elasticity in the range of about 5 to 
400 g/mm 2 , preferably greater than about 20g/mm 2 as 
measured by ASTM test method D1938. Their water content 
should be between about 10 and 80 %, and preferably 
between 20 and 60%. The contact angle, which is a 
measurement of the wettability of the lens, should be 
less than about 80 degrees and should preferably be leis 
■t han about 40 degrees. 

The preferred range of the combined 
vinyl-containing and acrylic-containing hydrophilic 
wetting monomer concentration is from about 5 weight 
percent of the polymeric hydrogel mix to about SO weigttt 
percent, and more preferably from about 20 weight 
percent to about 60 weight percent. The weight ratio of 
vinyl-containing monomer to acrylic-containing monomer 
is from about 40*1 to about is 40, and is preferably 
higher than 1;1. 

The present invention further provides articles c£ 
manufacture which can be used for biomedical devices, 
such as, contact lenses, surgical devices, heart valves, 
vessel substitutes, intrauterine devices, membranes and 
other films, diaphragms, surgical implants, blood 
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vessels, artificial ureters, artificial breast tissue 
and membranes intended to come into contact with body 
fluid outside of the body, e.g., membranes for kidney 
dialysis and heart/ lung machines and the like, 
catheters, mouth guards, denture liners, intraocular 
devices, and especially contact lenses. 

It is known that blood, for example, is readily and 
rapidly damaged when it comes into contact with 
artificial surfaces. The design of a synthetic surface 
which is antithrombogenic and nonhemolytic to blood :is 
necessary for prostheses and devices used with blood., 

The terms "shaped articles for use in biomedical 
applications" or "biomedical devices" mean the materials 
disclosed herein have physicochemical properties 
rendering them suitable for prolonged contact with 
living tissue r blood and the mucous membranes . 

Although the exact mechanisms are not fully 
understood at the present time, the wetting agents of 
the present invention appear to reduce the deposition 
problems normally associated with, and believed to b>? 
caused by, the high hydrophobicity of the hydrophobic 
silicone-containing monomers. 
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rurther, the wetting agents of the present 
Invention significantly reduce the contact angle of the 
surface - a clear indication to those skilled in the 
field that enhanced wetting has occurred. The resulting 
novel hydrogels comprising the wetting agents of the 
present invention were unexpectedly hydrolytically 
stable, within an acceptable range, while collecting 
only an acceptable level of deposits. 

Two preferred classes of silicons-containing 
monomers contemplated by the present invention are 
nrethane-containing prepolymers, and ethylenically 
terminated polysiloxane containing monomers as 
previously described herein, such as, most preferably 
oC, v> bis {methaeryloscyalkyl) polysiloxane * 

The resulting polymers and copolymers disclosed 
Herein can be boiled and/or autoclave* in water without 
being damaged whereby sterilisation may be achieved. 
Thus, an article formed from the disclosed polymers and 
copolymers may be used, for example, in surgery where * 
article is needed which is compatible with living tissue 
or with the mucous membranes. 



-m 



can 

s 



The monomer mixes employed in this invention, 
be readily cured to cast shapes by conventional method 
such as UV polymerization, or thermal polymerisation, cr 
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combinations thereof, as commonly used in polymerizing 
etbylenically unsaturated compounds. Representative 
free radical thermal polymerization initiators are 
organic peroxides, such as acetal peroxide, lauroyl 
peroxide, decanoyl peroxide, stearoyl peroxide, benzoyl 
peroxide, tertiarybutyl peroxypivalate, 
per oxydi carbonate, and the like, employed in a 
concentration of about 0.01 to 1 percent by weight o:i: 
the total monomer mixture. Representative UV initiators 
are those known in the field such as, benzoin methyl 
ether, benzoin ethyl ether, Darocure 1173, 1164, 227.*, 
1116, 2959, 3331 (EM Industries) and Igracure 651 anJ 
184 (Ciba-Geigy) • 

Polymerization of the monomer mix of this invention 
may be performed in the presence of a diluent* The 
polymerization product will then be in the form of a 
gel- If the diluent is nonaqueous r the diluent must be 
removed from the gel and replaced with water through the 
use of extraction and hydration protocols well known to 
those skilled in the art. 

It is also possible to perform the polymerization 
in the absence of diluent to produce a xerogel. These 
xerogels may then be bydrated to form the hydrogels as 
is well known in the art. 
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in addition to the above-mentioned polymerization 
initiators, the copolymer of the present invention may 
also include* other monomers as will be apparent to one 
skilled in the art. For example, the monomer mix may 
include additional hydrophilic monomers, colorants, 
curing agents, or UV-absorbing and toughening agents 
such as these known in the contact lens art. 

The polymers of this invention can be formed into 
contact lenses by spincasting processes Csueh as those 
disclosed inTT.S. Pat. Hos. 3,408,429 end 3,496,254), 
cast molding processes (such as those disclosed in U.S ., 
Pat. Nos. 4,084,459 and 4,197,266), combinations of 
methods thereof, or any other known method for making 
contact lenses, polymerization may be conducted either 
xn a spinning mold, or a stationary mold corresponding 
to a desired contact lens shape. The lens may be 
further subjected to mechanical finishing, as occasion 
demands, polymerisation may also be conducted in an 
appropriate mold or vessel to form buttons, plates or 
rods, which may then be processed (e.g., cut or polish sd 
via lathe or laser) to give a contact lens having a 
desired shape. 

The hydrogels the present invention are oxygen 
transporting, hydrolytically stable, biologically inert, 
and transparent. The monomers and prepolymers employed 
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in accordance with this invention, are readily 
polymerized to form three dimensional networks which 
permit the transport of oxygen and are optically clear, 
strong and hydrophilic* 

The relative softness or hardness of the contact, 
lenses fabricated from the resulting polymer of this 
invention can be varied by deceasing or increasing th« 
molecular weight of the polysiloxane prepolymer end- 
capped with the activated unsaturated group or by 
varying the percent of the comonomer. As the ratio c:f 
polysiloxane units to end-cap units increases, the 
softness of the material increases. 

The following examples serve only to further 
illustrate aspects of the present invention and should 
not be construed as limiting the invention. 

The following abbreviations are defined as follows: 

NVP is N-vinyl pyrrolidone 

DMA is N,N-dimethyl acrylamide 

hehAVc is metha cry 1 oxyethy 1 vinyl carbonate 

TRXS is methacryloxypropyl 

tris (trimethylsiloxy ) silane 
XDS3H is a uretbane prepolymer derived from 

isophorone dilsocyante, diethylene 
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glycol, polysiloxanediol enoapped with 2- 

hydroxyethyl methacrylate 

is an a,« -bis (methacryloxyalfcyl ) - 

polysiloxane 

is 2-vinyl-4 , 4 -diJttethyl-2-oxaz ol ine-5-on i 



yrtMPB— 1-6 

Six polyurethane hydrogel films containing the 
following ingredients, were prepared! 

a) IDS3H, 30 parts? 

b) THIS, 30 parts; 

c) HVF, varied from 0 to 40 parts; 

d) DBA, varied from 40 to 0 parts (NVP + DMA = 40 

parts) 

e) Methacryloxyethyivinyl carbonate (HEM&vc 

crosslinlcer) at o.3% of NVP amount; 

f) n-Hexanol 40 parts; 

g) Darocur-1173, {OV initiator), 0.2 part. 

These formulations were UV cured, followed by 
ethanol extraction and boiling water hydration, as is 
known in the art, to give resultant hydrogel films with 
the following properties (water content and modulus) . 
Figure 1 depicts the resultant films of Exajnples 1-6 
with one plotted point for each film respectively. 
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Table l 



EXAMPLE 


1— 


2 


3_ 


4 


5 


6 


NVP/dha ratio 


40/0 


38/2 


35/5 


30/10 


20/20 


0/40 


% water 


35 


46 


44 


41 


41 


37 


Modulus 


430 


281 


150 


80 


79 


63 



•The modulus/composition relationship is depicted in 
Figure 1. 

EXAMPLE 7 

Polvureth ane Hvdrooel 

A formulation was prepared containing the same 
ingredients and same weight ratios as those in Example 
4 # except that 3 parts of NVP and l part of DMA was 
replaced by 1 part of VDMO. The formulation was cast 
onto films and processed as done in Examples 1-6. The 
resulting hydrogel films had the following properties: 
water content, 40%; modulus 110 g/mm 2 . 

MMtPras a-ll 

p Q lv» re thane>silicQne Hydrops 

Polyurethane formulations of the ingredients as in 
Examples 1-6 hut of different relative parts, as shc%m 
in Table 2, were prepared. 
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a) IDS3H & b) TRIS, 34 parts each; 
O HVP 5 d) DMA, 32 parts combined? 
e) n-Hexanol, f> HEM&Vc and g) Darocure-1173 , sauna 
parts as in Examples 1-6. 

The formulations were cast and processed in the 
same manner as in Examples 1-6, with the water content 
ana modulus data shown in Table 2. Figure 2 depicts t&e 
resultant films of Examples 8-11, with one plotted point 
representing, each film respectively* 

Table 2 



■EXAMPLE 


8 


9 - 


io 


11 


HVP/E94A ratio 


32/0 


24/8 


16/16 


0/32 


water % 


25 


26 


31 


25 


Modulus 


610 


275 


107 


87 



The modulus/composition relationship is further 
shown in Figure 2. 

mtMTOES 12-15 

ggj^gfeased "Tir"!* 1 Tims 

The following silicone hydrogel formulations ver«» 
prepared and cast processed into hydrogel films by thu 
procedure of Examples 8-11. Figure 3 depicts the 
resultant films of Examples 8-11, with one plotted 
pointrepresenting each film respectively. The 
ingredients in the formulation were: 
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a) M 2 D Xf 13 parts 

b) TRis , 47 parts 

c) NVP & d) DMA, 40 parts combined 
a) n-Hexanol, 40 parts 

f) HEMAVc, 0.3 part of NVP amount 

g) Darocur, 0-2 part 

The modulus-composition relationship is deplete* in 
Figure 3. 



avdrooel l^ne Casting 

A monomer mix of the formulation as described in 
Examples 4 9 9, 12 was filtered through a disposable 1.2 
micron millipore filter into a clean vial* Under an 
inert nitrogen atmosphere, 60-90 ul of the mix was 
injected onto a clean plastic mold half and then covered 
with a second plastic mold half. The molds were then 
compressed and cured for 90 minutes in the presence of 
UV light (4200 microwatts/cm 2 ). The molds were then 
opened mechanically and put into a beaker containing 
aqueous ethanol . The lenses were released from the 
molds within 1 hour, then extracted with ethanol for 48 
hours, and boiled in distilled water for 4 hours. The 
resultant lenses were inspected for cosmetic quality, 
cytotoxicity and dimensions. Lenses passing inspection 
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were thermally disinfected in phosphate buffered salin* 
prior to on-eye evaluation. 

x 

SUnisal Evaluations 

The cast-molded polyurethane lenses described in 
Example 12 were evaluated en to ten patients. In 
each test, a poly(HEHa) control lens was worn on one eye 
and the test lens on the other eye. The lenses were 
analysed after a mlniTmnn of one hour, and preferably 5 
hours or longer for wettability and surface deposition 
study. The surface wettability rating scale was 0-4 
with o representing 2/3 of the anterior surface nn vetted 
by the tear film, and 4 representing complete wetting. 
The deposition scale was also 0-4 with o representing no 
surface deposits and 4 representing multiple deposits of 
O.S mm diameter or larger. The results for the lenses 
of the control formulation (according to Example 4) was 
3.0 for wetting and 0.4 for deposits after five hours of 
wear. For lenses comprising 1 part of VDHQ (Example T 
formulation) r the results showed a wettability rating of 
3.3 and a deposit rating of 0.7 after 5 hours or wear. 

Hany other modifications and variations of tbe 
present invention are possible to tbe skilled 
practitioner in tbe field in light of the teachings 
herein. It is therefore understood that, within the 
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scope of the claims , the present invention can be 
practiced other than as herein specifically described, 



\ 
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We claim: 

1. a method for making a silicons-containing hydrogel 
composition comprising the steps of a) combining at 
least one vinyl-containing monomer, at least one 
acrylic-containing monomer and at least one silicone- 
containing prepolymer into a monomer mix and b) curing 
the monomer mix resulting from step a) to form a 
silicons-containing hydrogel composition. 

2. The method of Claim l wherein said silicone- 
containing prepolymer is a urethane-containing 
prepolymer. 

3. The method of Claim 1 wherein said silioone- 
containing prepolymer is an ethylenically terminated 
polysiloxane-containing prepolymer. 

4. The method of claim l wherein said vinyl-containing 
monomer may be selected from the group consisting of: w- 
vimyl-»-methyl acetamide, N-vinyl-N-ethyl acetamide, W- 
viny 1 -N- methyl formamide, and M-vinyl formamide. 

5. The method of Claim 1 wherein said vinyl -containing 
monomer is tf-vinyl pyrrol idone. 

6. The method of Claim 1 wherein said acrylic- 
containing monomer is selected' from the group consisting 
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of: 2-hydroxyethyl methacrylate, glycerol methacrylai;* f 
2 -hydroxy ethyl methacrylamide , diacetone acrylamide, 
methacrylic acid and acrylic acid. 

7. The method of claim 1 wherein said acrylic* 
containing monomer is N,N-dimethylaeryl amide. 

8. The method of Claim l wherein said silicone- 

containing prepolymer is a poly (organosiloxane) 

prepolymer represented by the formula: 

R 3 R 5 I} 3 
- A- (R 7 ) -Si- [O-Si ] n -0-Si- (R 7 ) -A 
R* &6 J 4 

wherein: 

A is an activated unsaturated group, such «ls an 
ester or amide of an acrylic or a methaerylic acid; 

each R 3 -R 6 is independently selected from the group 
consisting of a monovalent hydrocarbon radical or a 
halogen substituted monovalent hydrocarbon radical 
having 1 to 18 carbon atoms which may have ether 
linkages between carbon atoms; 

R 7 is a divalent hydrocarbon radical having frcci 1 
to 22 carbon atoms; 
and 

n is 0 or an integer greater than or equal to 2 - 
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9. The method of claim x wherein said silicone- 
containing prepolymer is a bulKy polysiloxanylalkyl 
(meth) acrylic monomer having the formula: 




wherein: 

X is o or HR? 

each H is independently hydrogen or methyl? and 
each R 1 is independently a lower alkyl or phenyl 

group; and 

f is 1 or 3 to 10. 

10. The method of Claim 9 wherein said bulky 
polys iloxany alXyl (meth) acrylate monomer is selected 
from the group consisting of methacryloxypropyl 
tris (trimethylsiloxy) silane, 
pentamethyldisiloacanylmethylmethacrylate, 
tris(trimethylsilo^)methacryloacf propyls Ham, 
phenyltetramethyldisiloxanylethyl acetate, and 
methyldi (trimethylsiloxy) methaeryloxymethyl silane . 
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11. The method of Claim 1 wherein said silicone- 
containing prepolymer is a urethane-containing 
prepolymer having the following schematic 
representations : 

E(*D*A lt *D*G) a *D*A w *D*E' t OT 

E(*D*G*D*A N ) a *D*G*D*£' ; 

wherein 

D denotes an alkyl diradical, an alkyl cycloalky:: 
diradical, a cycioaikyi diradical, an axyl diradical or 
an alkylaryl diradical having 6 to 30 carbon atoms; 

6 denotes an alkyl diradical, a cycioaikyi 
diradical, an alley 1 cycioaikyi diradical, an aryl 
diradical or an allcylaryl diradical having 1 to 40 
carbon atoms and which may contain ether , thio or am:.ne 
linkages in the main chain; 

* denotes a urethane or ureido linkage; 

a is at least l; 

A n denotes a divalent polymeric radical of formula: 



-<CH 2 ) 




wherein: R s and R s ' independently denote an al]?rl 
or fluoro-substituted alkyl group having 1 to 10 carbon 
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atoms which, may contain ether linkages between carbon 
atoms; 

m is at least 1; and 

p provides a moiety weight of 400 to 10,000; 
E and B* independently denote a polymerizable 
unsaturated organic radical represented by formula: 

K^-CK^C- (CH 2 ) (X) (Z ) z - (AT) y-R A ' t 
vhereinr R 14 denotes a divalent aifcylene radical 
having 1 to 10 carbon atoms? 

R 12 denotes H or CH 3 ; 

R x * denotes H r a (Ci-c 6 ) allcyl radical or a 
-CO-Y-R 15 group wherein Y is -S- or -NH- and R 15 is 

a alkyl radical Having 1 to 12 carbon atoms; 

X is -CO* or -OCO-; 

Z is -O- or -NH-? 

Ar denotes an aromatic radical having 6 to 30 

carbon atoms? 

w is 0 to 6; 
x is 0 or l; 
Y is o or if and 
z is 0 or 1. 

12. Die method of Claim 11 wherein said urethane- 
containing prepolymer is represented by formulas 
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CH 3 
/ 



H 2 C=C 



COOCH 2 CH 2 



"HE H H 

OCN-R 1 b -NCOCH 2 CH 2 OCH 2 CH 2 0CN '" R NCO !': 



o 



II 
o 



U 
O 




CH 3 



I 

(CH : ,| M 



CH3 
/ 

H 2 C=C H H H H 

COOCH 2 CH 2 OCN-R 16 -NCOCH 2 CH20CH 2 CH 2 OCN'-R :L& -NCO- 

II II K II 

00 00 



wherein: 

R 16 is a diradical of a diisocyanate after removal 
of the isocyanate group and m, p and a are the same aa 
previously defined. 



13. The method of Claim 1 wherein said silicone- 
containing hydrogel composition comprises ol,u> 
bisOnethacryloxyalkyl) polysiloxane, N,N- 
dimethylacxylamide and N-vinyl pyrrolidone. 

14. The method of Claim 1 wherein said silicone- 
containing hydrogel comprises a urethane-containing 
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prepolymer, N,N-dimethylacrylamide and N-vinyl 
pyrrol idone . 

15. Hie method of Claim 1 wherein said silicone- 
containing hydrogel composition farther comprises a 
relatively non-polar ring-containing compound selected 
from the group consisting of 2-vinyl-4,4-dimethyl-2- 
oxasolin-5-one, 2-isopropenyl-4 , 4-dimethyl-2-oxassolin-5- 
one, cyclohexane-spiro-4 '-(2 '-ieopropenyl-2 '-oxasol-5 '•- 
one) , cyclohe 3 £ane-spiro-4'-(2'-vinyl-2'-oxa20l-5'-one) 
and 2- (l-propenyl) -4, 4-dimethyl-oxazol-5-one. 

16. The method of Claim 1 wherein said silieone- 
containing hydrogel comprises an ethylenically 
terminated polysiloxane-containing monomer, N,N- 
dimethylaerylamide and N-vinyl pyrrolidone. 

17. The method of Claim 1 wherein said silicone- 
containing hydrogel further comprises a crosslinking 
agent having the general schematic representation 

¥*' 

wherein 

V denotes R*^ ^^4' 

6 
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A' denotes R5/ R6' 
-Z-C By* 



S denotes R g # 

x 

RlO' Q~ 



R^/ is an alkyl radical derived from substituted 
and unsubstituted hydrocarbons, polyalkylene oxide, 
poly(perfluoro) alkylene oxide r dialkyl-capped 
polydimethylsiloxane, dialkyl -capped 
polydimethylsiloxane modified with fluoroalkyl or 
fluoroether groups; 

R2#-Rio' independently H f or alkyl of 3. 

to 5 carbon atoms; 
q is an organic group containing 

aromatic moieties having 6 to 30 
carbon atoms; 
X, Y, and Z are independently O, NH or S; 
v' is i, or higher; and 

a', s' are independently greater than or 

equal to 0, and a # + s' > 1, 

18. The method of Claim 17 wherein said said 
crosslinking agent is methacryloxyethyl vinyl carbonate. 
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19. A silicone-containing hydrogel composition formed 
by coring a monomer mix comprising at least one acrylic- 
containing monomer, at least one vinyl-containing 
monomer and at least one silicone-containing prepolymer. 

20. The hydrogel composition of Claim 19 wherein said 
silicone-containing prepolymer is a urethane-containincr 
prepolymer* 

21. The hydrogel composition of claim 19 wherein said 
silicone-containing prepolymer is an ethylenically 
terminated polysiloxane-eontaining monomer. 

22. The hydrogel composition of Claim 19 wherein said 
vinyl-containing monomer may he selected from the group 
consisting of tf-vinyl-N-methyl acetamide, N-vinyl-N- 
ethyl acetamide r N-vinyl-N-methyl formamide, and N-7inyl 
f ormamide. 

23. The hydrogel composition of claim 19 wherein said 
vinyl-containing monomer is N-vinyl pyrrol idone. 

24. The hydrogel composition of claim 19 wherein said 
acrylic-containing monomer is selected from the group 
consisting of 2-hydroxyethyl methacrylate, glycerol 
methaorylate, 2-hydroxyethyl methacrylamide, diaceton* 
acrylamide, methacrylic acid and acrylic acid. 
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25. The hydrogel composition of Claim 19 wherein said 
acrylic-containing monomer is N,N-dimethylacrylamide. 

26 • The hydrogel composition of Claim 19 wherein said 

silicone-containing prepolymer is a poly (organosiloxane) 

prepolymer represented by the formula: 

R 3 R 5 R 3 
A- (R 7 ) -Si~t0-Si] n -O-Si- (R 7 ) -A 
A 4 R 6 R 4 

wherein: 

A is an activated unsaturated group, such as an 
ester or amide of an acrylic or a methacrylic acid; 

each R 3 -R 6 is independently selected from the group 
consisting of a monovalent hydrocarbon radical or a 
halogen substituted monovalent hydrocarbon radical 
having X to 18 carbon atoms which may have ether 
linkages between carbon atoms; 

r 7 is a divalent hydrocarbon radical having from 1 
to 22 carbon atoms; 
and 

n is o or an integer greater than or equal to 1. 

27. The hydrogel composition of Claim 19 wherein said 
silicone-containing prepolymer is a bulky 
polysiloxanylalkyl (meth) acrylic monomer having the 
formula: 
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H 2 C=C 



R" 



R 1 

i-Si-R 1 
I 



C-X- (CH 2 ) f-Si-O-Si-R 1 



I 

0 



R J 



Rl- Si-R 1 



wherein: 

2 is O or NR; 

each R is independently hydrogen or methyl r and 
each R 1 is independently a lower alkyl or phenyl 

group; and 

f is 1 or 3 to 10. 

28. The hydrogel composition of Claim 27 wherein said 

bulRy polysiloxanyalkyl (meth)acrylate is selected from 

the group consisting of methacryloxypropyl 

tris (trimethylsiloxy) silane, 
pentamethyldisiloacanylaiethyliiiethacrylate, 

trisCti^ethylsiloxy)methacrylo3fy propylsilane, 

phenyltetramethyldisiloatanylethyl acetate, and 

metnyldi ( triroethylsiloxy) laethacryloxymethyl silane. 

29. The hydrogel composition of Claim 19 wherein saici 
silicone-containing prepolymer is a urethane-containing 
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prepolymer having the following schematic 
representations i 

E(*D*A w *D*G) a *D*A ,, *D*E' ; or 

E(*D*G*D*A H ) a *D*G*D*E' ; 

wherein 

D denotes an alkyl diradical, an alkyl cycloalkyl 
diradical, a cycloalkyl diradical, an aryl diradical or 
an alkylaryl diradical having 6 to 30 carbon atoms; 

G denotes an alkyl diradical, a cycloalkyl 
diradical, an alkyl cycloalkyl diradical, an aryl 
diradical or an alkylaryl diradical having 1 to 40 
carbon atoms and which may contain ether, thio or amine 
linkages in the main chain ; 

* denotes a ur ethane or ureido linkage; 

a is at least l; 

A" denotes a divalent polymeric radical of formula: 



\ 

-Si-0- 
H s J 



I 

-Si (CH 2 ) m ^ 



p R 

wherein: R s and R s ' independently denote an alkyl 
or fluoro-sufcstituted alkyl group having l to 10 cat ton 
atoms which may contain ether linkages between carbcn 
atoms; 

m is at least 1; and 

p provides a moiety weight of 400 to 10 r 0CC>; 
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E and E* independently denote a polymerisable 
unsaturated organic radical represented by formula: 

R13-CH-C- (CS 2 )„-(X) X -(Z) z - (AT) y-H 14 - 

wnerein: R 14 denotes a divalent alkylene radical 
having l to 10 carbon atoms? 

R 3 - 2 denotes S or CD 3 ! 

r!3 deno tes H r a (Cx-Cg) alkyl radical or a 
-CO-y-R 16 group wherein Y is -O-, -S- or -HE- and R 15 is 
a alXyl radical having 1 to 12 carbon atoms ; 

x is -CO- or -oco-; 

Z is -O- or -NH-; 

Ar denotes an aromatic radical having 6 to 3D 

carbon atoms; 

v is 0 to 6; 
at is O or 1; 
y is O or 1; and 
z is 0 or 1. 

30- The hydrogel composition of Claim 29 wherein saicl 
uretbane-containing prepolymer is represented by the 
formula: 



* 



PAG™»ReVDATIM5^ 



Sap-01-05 04:38pm Frora-VISTAKON + T-677 P. 072/081 F- 

WO 93/09154 PCT/US5 2/09538 

-41- 



CH 3 

H 2 C=C 

COOCH2CH2 



H H H H 

OGN^R 16 -NCOCT 2 CH 2 0CH2C H 2 OCN " R lt> -NCO(CH 2 ) tt 
|| H II II 

00 00 




CH3-S1-CH3 



GH3 
/ 

H 2 C=*C H H H H 

C00CH 2 CH20CN*R 16 -NC0CH2CH20CH2CH2OCN-R- L6 -KC0— -* 
OO OO 



wherein: 

R 16 is a diradical of a diisocyanate after removal 
of the isocyanate group and m, p and a are the same as 
previously defined. 

31. The hydrogel composition of Claim 22 wherein sad.d 
silicone-containing prepolymer is oC ,u> 
bis(methacryloxyalkyl) polys iloxane, said acrylic- 
containing hydrophilic wetting monomer is N,N- 
dimethylacrylamide and said vinyl-containing hydroph.vi.ic 
wetting monomer is N-vinyl pyrrolidone. 
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32. The hydrogel composition of Claim 19 wherein said 
silicone-containing prepolymer is a urethane-containin<r 
prepolymer, said acrylic-containing monomer is N,N- 
dimethylacrylamide and and said vinyl-containing monomer 
is N-vinyl pyrrolidone. 

33. The hydrogel composition Claim 19 wherein said 
silicons-containing hydrogel composition further 
comprises a relatively non-polar ring-containing 
compound is selected from the group consisting of 2- 
vinyl-4 , 4-dimethyl-2-oxazolin-5-one, 2-isopropenyl-4 , 4 - 
dimetbyl-2-cxasolin-5-one, cyclohexane-spiro-4 (2 ' - 
isopropenyl-2'-o5Eazol-5'-one) , cyclohexane-spiro-4 '-(2'- 
vinyl-2 '-oxazol-5 '"-one) and 2- (1-propenyl ) -4 , 4-dimethy L- 
oxazol— 5— one. 

34. The hydrogel composition of Claim 19 wherein said 
silicone-containing hydrogel composition is an 
ethylenically terminated polysttoxane-containing monomsr 
said acrylic-containing hydrophilio wetting monomer is 

N p-H j methylacrylamide and said vinyl-containing 
hydrophilic wetting monomer is N-vinyl pyrrolidone. 

35. The Hydrogel composition of Claim 19 wherein said 
silicone-containing hydrogel further comprises a 
crosslinking agent having the general schematic 
representation: 
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wherein 



V denotes 




A' denotes 



R 5 f Rg# 




o 



S denotes 




9 



P^r is an alkyl radical derived from substituted 
and unsubstituted hydrocarbons, polyalkylene oxide, 
poly(perfluoro) a 1 Xylene oxide, dialfcyl-capped 
polydimethy Is iloxane , dialkyl-capped 
polydimethy Is iloxane modified with fluoroalkyl or 
fluoroether groups; 

R 2 '-Rio # are independently H, or alkyl of 



aromatic moieties Having 6 to 30 
carbon atoms; 
X, Y, and Z are independently 0, nh or S; 



to 5 carbon atoms; 



Q 



is an organic group containing 



is 1, or higher; and 
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a// s r ar e independently greater than or 

eqaal to o f and a' + s' > 1. 

36. The hydrogel composition of Claim 35 wherein said 
orosslihking agent is methacryloxyethyl vinyl carbonate. 

37. A biomedical device made from the bydrogel 
composition of Claim 19. 

38. A contact lens made from the bydrogel composition 
of Claim 19* 

39. The contact lens of Claim 38 wherein said bydrogel. 
composition comprises «.« bis (metbaeryloxybutyl) 
polysiloxane, N,N-iiimetliylacrylami<ie and H-vinyl 
pyrrolidone. 

40. The contact lens of Claim 38 wherein said bydrogel 
composition further comprises a relatively non-polar 
ring-containing compound is selected from the group 
consisting of 2-vinyl-4 , 4-dimethyl-2-oxazolin-5-one, 2 - 
isopropenyl-4 , 4-dimeth.yl-2-oa£azolin-5-one, cyclobexane- ♦ 
splro-4'-'(2'-isopropenyl-2'-oxa20l-5'-one> , cyclohe.yan.a- 
spiro-4'-(2'-vinyl»2'-oxasol-5'-one) and 2-(l-propenyl| - 
4 r 4— dimethyl-ojcazol-S— one . 
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41. The contact lens of Claim 38 wherein said hydrog*al 
composition further comprises a crossl inking agent 
having the general schematic representation 



V 



wherein 



V denotes Rn# Ra' 

S ^ 

R 2 # X-C-Y- 

O 



A' denotes Rs^ R6' 



C=C 

■s \ 

-Z-C R 7 » 

o ; 



S denotes ILq ' ^9' 

X 

Rio ' Q" 



Rjy is an alkyl radical derived from substitute! I 
and unsubstituted hydrocarbons, polyalkylene oxide, 
poly(perfluoro) alkylene oxide, dialfcyl -capped 
polydimethylsiloxane, dialkyl -capped 
polydimethylsiloxane modified with f luoroalkyl or 
fluoroether groups; 

R 2 /-Rio # are independently H, or al*yl of 1 to 5 
carbon atoms? 

q is an organic group containing aromatic 
moieties having 6 to 30 carbon atoms; 
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X, Y, and s are independently O, nb or s; 
V' is X, or hi^ier? and 

a', s' are independently greater than or equal to 
O f and a' + s' > l. 

42. The contact lens of Claim 41 wherein said 
crosslinking agent is »etnacryloxyethyl vinyl carbonate. 
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